This paper presents a new dimension in e-learning by collecting and analyzing physiological data during real-world e-learning sessions. Two different content materials, namely Interactive (IM) and Noninteractive (N-IM), were utilized to determine the physiological state of e-learners. Electrocardiogram (ECG) and Skin Conductance Level (SCL) were recorded continuously while learners experienced IM and N-IM for about 25 minutes each. Data from 18 students were collected for analysis. As a result significant difference between IM and N-IM was observed in SCL (p < .01) meanwhile there were no significance in other indices such as heart rate and its variability, and skin conductance response (SCR). This study suggests a new path in understanding e-learners' physiological state with regard to different e-learning materials; the results of this study suggest a clear distinction in physiological states in the context of different learning materials.
Introduction
E-learning is experiencing unprecedented growth and will continue to do so for the foreseeable future. A new analysis and forecast released by a research firm, showing that e-learning, reached by dollar volume $27.1 billion in 2009 and predicting this figure will nearly double that by 2014, with academic institutions leading the way [1] . On the other hand, bored students are dropping out of online classes while pleading for richer and more engaging online learning experiences [2] , [3] . A well designed e-learning can increase retention over instructor-led training by up to 40% says the American Society for Training and Development-ASTD [1] . Given the importance of the e-learning, to provide an enhanced learning environment, it is crucial to understand the physiological phenomenon of the learners with regard to the presented materials or contents in the e-learning systems.
E-learning is a complex human learning phenomenon that a person needs to study its multiple facets from distinct angles. It is not only an educational phenomenon but also a complex phenomenon that involves cognitive, social, developmental, neurological, and other processes. A vast number of attempts have been made on detecting human physiological states by employing a variety of physiological sensors. Electroencephalogram (EEG) and heart rate variability (HRV) have been frequently introduced to evaluate human psychophysiological states, while other bio-electric signals, such as skin temperature are recently integrated into the list of physiological measures [4] , [5] . However only a few attempts have been made to investigate the physiological reactions of attendees of e-learning course [6] , [7] , and little is known about what types of learning materials induce what kind of physiological reactions on attendees or learners.
This study mainly focuses on the physiological changes in learners or students in the context of two different e-learning materials to ascertain physiological states of the learners during distinct learning materials with the use of different biosignals such as Electrocardiogram (ECG) and Skin Conductance Level (SCL).
Electrodermal activity (EDA) refers to variations in electrical conductance or its reciprocal, the resistance of the skin. These fluctuations occur as the result of the activity of the eccrine sweat glands, which are activated by sympathetic nervous system [8] , [9] . This study utilizes the specific form of EDA, the Skin Conductance Level (SCL) [9] , for the measurement of Skin Conductance (SC). The SCL was chosen for the reason that it is an indicator of overall autonomic activity [10] . Mainly, studies in the past have utilised Skin Conductance Response (SCR) to measure the EDA, however, the tonic changes in the SCL, such as those often recorded over longer periods (usually for minutes) and phasic changes often recorded in the form of SCR and for a shorter period (usually less than a minute in the presence of a discrete stimuli) may not precisely reflect the same underlying physiological states [11] , [12] . SCR is utilized for measuring more transient changes in the SC. On the other hand, there are past studies, commending the use of SCL for the biofeedback [10] , [13] , however, these past studies failed to clearly indicate the application area and the benefits of using SCL over SCR.
The SC measurement has a greater advantage over other physiological signals of autonomic nervous system as it is under strict control of the sympathetic branch of the nervous system [14] . SC measurement provides readily accessible autonomic indices [14] . Further, heart rate (HR) and SC have been used to monitor task demand [15] , [16] . SC and HRV have also been studied as general indicators of Copyright c 2011 The Institute of Electronics, Information and Communication Engineers stress [17] , [18] . The SC has also been used in important research on anxiety and stress levels [19] ; and it has been a part of lie detection. Verschuere et al. (2004) reported an enhanced electrodermal response during the crime related picture viewing compared to the controlled picture viewing [9] , [20] .
Deviating from the general studies, the present study was conducted to assess the physiological state variability in subjects during the e-learning sessions. SC was utilized as the prime index in understanding the physiological state of the subjects for two different types of content materials namely interactive (IM) and non-interactive (N-IM) material. Further, high frequency (HF) of ECG is also utilized as it is an index for parasympathetic nervous system [21] .
Method

Subject
Eighteen male students, age ranging from 19 to 20 years voluntary participated in this study. They were all domestic technical college students and majoring in Information Science and Technology.
Procedure
The subjects were instructed to attend two e-learning course materials; 1) a video lecture on advanced mathematics, and 2) a virtual laboratory work on electric circuits. These two course materials were provided by a proprietary e-learning system in our institute (e-learning Higher Education Linkage Project; eHELP), which is one of the largest effectively running e-learning project in Japan [22] - [24] . The lecture on advanced mathematics was a video-recorded material of the ordinary instructor led lecture, in which a university professor delivers a lecture in front of a video camera, so it was characterized as a non-interactive material (N-IM). The other was a virtual laboratory work on electric circuits in which attendees were required to perform a number of given tasks with a terminal PC, by its nature, it was characterized as an interactive material (IM). All subjects participated in both N-IM and IM conditions (within-subjects experiment). Each material took roughly about 25-35 minutes to complete.
More detailed description of the materials N-IM and IM are given in the next section.
Materials
The non-interactive material (N-IM) is a prerecorded video on advanced mathematics in which a professor appears and delivers a lecture on advanced mathematics theory with examples. This video is streamed online and played on an embedded video player inside the e-learning portal. The subjects are not required to perform any operations or manipulations on the e-learning portal, rather the subjects will only listen and watch the video of the lecture. Since this session of learning involves no interaction from the subject, it is classified as non-interactive material. The contents of this video lecture are solely on advanced mathematics. The professor explains the background theory and examples of advanced mathematical equations such as linear functions, quadratic functions, quartic functions and quintic functions and so on.
The interactive material (IM) is structured to be a virtual laboratory experiment on electric circuits. The virtual laboratory is a virtual environment on the e-learning portal where the subject can assemble and experiment different electronic circuits the same way he/she would do in a real life laboratory. The virtual laboratory is presented online inside the e-learning portal where the subject will manipulate and assemble a virtual electric circuit. Therefore, this session requires effort and brain work to assemble the circuits. Further, the subjects will use keyboard, mouse and other devices to make the circuits. This particular session was conducted to understand the principles operation of the Light Emitting Diode (LED), and virtual experiments on band theory and characteristic of current and voltage were also required to be designed. Further, referencing slide and video explanation on the real-laboratory experiment were also presented. The result of the virtual experiments on voltage characteristic is provided in the form CSV. Subjects are asked to derive an inner electrical resistance by analyzing this CSV. 
Measurements
While the experiments were on-going the physiological measures (bio-electric signals) were recorded concurrently. EDA in terms of SCL, and Electrocardiogram (ECG) were recorded by bio-amplifier (BIOPAC MP150 systems, BIOPAC Systems Inc.), as shown in Fig. 1 . Figure 2 illustrates the theory behind the SCR and SCL, as shown in the figure the SCR are the more transient changes in SC while the SCL changes slowly.
SCL was recorded by the constant voltage method (0.5 V), Ag-AgCI electrodes (8 mm diameter active area) filled with a skin conductance gel were attached to the palmer side of the middle phalanges of the second and third fingers of the subjects' non-dominant hand. Additionally, for the purpose to illustrate the distinctive profile/characteristics of SCL, the incidence rate of SCR was calculated by counting the spikes in each minute epoch after treating the raw SCL data with high-pass filtering. ECG was recorded by placing the pre-gelled disposable electrodes. These physiological signals were taken continuously in time series at 200 Hz of sampling rate.
The skin conductance (SCR, SCL) has been used in a number of past studies, and the experimental results have been interpreted by these studies in many different ways i.e. anxiety, stress, nervous, dislike, curiosity etc. Therefore, we would like to suggest the interpretation of the experimental results of this particular study by reasoning and referring to the past studies.
Data Analysis
Since each material took roughly about 25-35 minutes to complete, we analyzed physiological signals of the first 25 minutes for the purpose of easy comparison. Frequency analysis was performed on ECG data to calculate High Frequency (HF) (0.15-0.40 Hz; HF) power of the signal. HF is considered to represent the parasympathetic nervous system activity [21] , therefore it can be taken as an index of subjects' "relaxing" or "resting" sate. The collected physiological signals were segmented into every 60 seconds and averaged. Further, for the purpose of the better comparison of within-subject experimenting, the data in N-IM and IM conditions were normalized as follows:
where z i is the normalized value, and x i ,x and σ are original value (an averaged value of a particular segment), averaged value, and standard deviation of the original value, respectively. In the statistical analysis, paired Students t-test was performed in comparing the differences between the conditions, and Wilcoxon signed-rand test was also performed in comparing the difference within the condition in order to test if certain values increased or decreased throughout the experiment period. In order for the better comparison, each trend in Fig. 5 (a) was baseline-corrected, by which all data were adjusted so that the initial value in each condition was set to be 0.0. SCL dropped moderately right after the experiment was started in IM condition, the decline in SCL continued gradually for the most period in IM condition, while there was no significant change in SCL values in N-IM condition. This pattern resulted in a significant difference of decline in IM condition (p < .01). Meanwhile there was no significant change in SCL throughout the session in N-IM 
Results
Discussion
This study was conducted to ascertain the physiological changes in candidates or students of e-Learning in the context of different e-learning materials. In order to understand the physiological states of the learners, this study utilized two different types of materials, characterized by its virtue as interactive material and non-Interactive material. The physiological responses and obtained statistical analysis results are summarized in Table 1 , where "+", "−", and "±" represent the trends of each profile that was observed in the time series. It should be noted that the significance is denoted with " * " or " * * " in case if the responses were statistically significant at the level of p < .05 or p < .01, respectively.
The results of this study clearly show that the physiological state of the e-learners can be retrieved by analyzing the biosignals. The present study introduced distinct biosignals to capture the physiological states; the HR was introduced as it is considered to be an index of bodily activities [9] . However, the HR profiles did not show any significance in any of the conditions. The HF is considered as an index for parasympathetic nervous system activities [8] , [9] however the HF stood low for both conditions, and showed no difference between both conditions, in the mean time the SCR also showed no significance. On the contrary the SCL showed a distinguishing significant difference between the conditions, this compelling results show that SCL is a more suitable than the other biosignals.
HF values dropped drastically just after the start of both conditions and stood low for the whole period of both sessions. It is natural as numbers of past studies illustrated that HF can be a feasible index for "relax" and "rest" [5] , [15] .
In other terms, HF could be an index to show if a subject is engaged in an activity or not but not how the subject is engaged as illustrated in interactive or non-interactive materials. Therefore the HF alone may not render a fruitful meaning with regard to the physiological states of the subjects. However, the combination of SCL and HF may precisely represent the underlying physiological state of learners over a long time span.
The results obtained in this study are very explanatory and intriguing, most significantly the SCL; The SCL resulted in statistically significant difference of decline in IM condition (p < .01), and was lowered as shown in 5. In the meanwhile there were no significant changes in SCL throughout the session in N-IM condition (p > .05). The pattern of the SCL profile suggests that N-IM did not influence or impact the sympathetic nervous system of the elearning candidates. On the other hand a significant suppression of sympathetic nervous system activity was assumed in IM condition.
This SCL trait in IM does not necessarily represent the implication of lessened mental activity during the sessions of Interactive Material. A study, conducted on novice and expert pistol shooters shows that Pre-shot SCL of expert shooters was lower for the best shots [25] . Ikezuki et al. (1985) describes a significant decline in SCL during a mental calculation of numbers as a mental concentration [20] . The background knowledge and the results obtained through this study suggest that the decline in the SCL level during the IM condition may have been caused due to the concentration or deep involvement in the material itself.
SCL and SCR are varieties of the EDA, refers to variations in electrical resistance or its' reciprocal the conductance of the skin. These fluctuations are activated by the sympathetic nervous system [8] , [9] . The EDA is therefore utilized as a reliable index of the sympathetic nervous system activation [14] , [20] , [26] . Significant changes in EDA for various discrete stimuli have been reported in many studies. In the past, studies have utilized SCR as the physiological measurement unit [14] , [20] , [27] . Moreover these studies were conducted to capture the spontaneous or phasic changes in the SC. However, other past studies show that SCR may not represent the precise physiological state due to its rapid phasic changes, when the experiment period is considerably longer [10] , [13] . In the present study, SCL was used as the prime physiological measurement unit as for the advantages that it is an indicator of overall autonomic activity and SCL may precisely depict the slow changes in the physiological state [10] , [12] , [13] , [28] . Further, the results of SCR in this study attributes to the claim of the advantage of using SCL since the SCR signals depicted no statistical difference between both condition and within conditions at all, nevertheless there has been a trend of lower number of spikes in SCR in IM condition.
The overall results of this study suggest that the transient changes in SC may not precisely depict the underlying psychological states, and that the SCL is a better candidate to capture the underlying physiological state when the experiment period is significantly longer.
In overall, this study could not derive any meaningful responses from HF, HR or the SCR all alone. However, in this study, the SCL is demonstrated to be the most affective physiological measurement in longer period of experiments. Further the SCL along with the HF shown to precisely represent the physiological states.
This study yielded very significant results nevertheless there were limitations. All eighteen subjects took part in this study were males. As the present study was conducted in a technical school, there was a scarcity for female subjects. Therefore the study could not authentically verify if the gender of the subjects may or may not have an impact on physiological measurement and therefore eventually on the overall results. In addition the variety of learning materials used was limited. In the e-learning stream, the learning contents are produced and delivered in a numerous forms such as the synergistic virtual-space contents, online contents, offline contents and so forth. However, the present study utilized not more than two materials, and the future studies may derive different results when other learning materials are regarded.
Conclusion
This study was conducted to ascertain the physiological changes in candidates or students of e-learning in the context of different e-learning materials. The results of this study are convincingly argue for the use of biosignals such as SCL and ECG to understand the underlying physiological state of the learners. Our results also suggest that the use of SCL over SCR to represent the physiological status of the learners is more suitable and appropriate. Further, the HF may not distinguish between the learning materials. Therefore the combination of SCL and HF may precisely represent the underlying physiological state of learners over a long time span.
This study paves a new path in understanding learners' physiological state with regard to different e-learning materials; the results of this study suggest a clear distinction in physiological states in the context of different learning materials. The results of this study also show that IM contents are more responsive than the N-IM contents. The insight into such physiological states in return may help in restructuring, improving and individualizing the learning materials in the future, and to make e-learning more effective. The study also suggests future inventions utilizing the SCL to be used in the e-Learning centers such as SCL sensor embedded mouse and other peripherals.
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